Background It is suggested the anterior cruciate ligament (ACL) plays a significant role in knee proprioception, however, the effect of ACL injury on knee proprioception is unclear. Studies utilising the two most common measurement techniques, joint position sense and threshold to detect passive motion, have provided evidence both for and against a proprioceptive deficient following ACL injury. Objective The objective of the study was to undertake a meta-analysis investigating the effects of ACL injury, treated conservatively or by reconstruction, on proprioception of the knee, measured using joint position sense and/or threshold to detect passive movement techniques.
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Introduction

32
The anterior cruciate ligament (ACL) controls knee move-33 ments in six directions; three rotations and three translations 34 and thus is critical for stable lower extremity movement [1] . 35 The ligament's main role in knee joint stability is to pre- to play a significant role in knee proprioception [2] . Proprio-40 ception is a component of the somatosensory system which 41 plays an important role in normal human performance [2] [3] [4] . 42 Its main aim is to provide afferent information on the posi-43 tion and movements of a joint. In the ACL, 1% of its total 44 area [5] is made up of three types of proprioceptive recep-45 tors; pacinian capsules, ruffini nerve endings and golgi tendon Q3 46 organs [6] , each has specific role. The pacinian capsules adapt 47 rapidly to low degrees of joint stress, are sensitive to rapid 48 changes in accelerations and classified as dynamic receptors 49 [7] . Whereas, ruffini nerve endings and golgi tendon organs 50 are slow adapting with a high threshold to stress and are 51 believed to provide information on the position of the knee 52 joint [7] . The search results were merged using reference man-117 agement software (Endnote X6) and duplicates removed. 118 The titles and abstracts were screened and articles which 119 obviously did not meet the selection criteria removed. The 120 full text of the remaining studies was then checked against 121 the selection criteria. Studies with outcome data that did not 122 meet our criteria were excluded at this stage. The selection of 123 appropriate articles was agreed through discussion between 124 two authors (NR and LH) and a third party was available to 125 arbitrate if necessary.
126
Quality assessment
127
The methodological quality of the studies that met the 128 selection criteria was appraised by two of the research team 129 independently to identify studies that had a low risk of bias. 130 There is no established tool to assess the methodological 131 quality of descriptive studies, therefore we amended a qual-132 ity assessment tool previously developed and used by the 133 authors [12] . This tool considered eight potential sources of 134 bias; confirmation of ACL deficiency, representation of popu-135 lation, representation of sample, homogeneity of participants, 136 sample size, study design, assessor blinding/bias, statistical 137 analysis (available from NR). Summating the scores for items 138 on the assessment gave a maximum score of 88. The method-139 ological quality scores were arbitrarily, but logically, grouped 140 as 'poor' (a score of less than 29/88), 'moderate' (a score of 141 30 to 58/88) or 'good' (a score of 59+/88). Studies of mod-142 erate to good quality (that is, 30 to 88/88) were selected as 143 providing data of sufficient low risk of bias to enter in to the 144 meta-analysis. 145 
Data extraction and analysis
146
Studies that met the eligibility criteria and were of suf-147 ficient quality were included in the meta-analysis. The 148 following data were extracted by one reviewer: the number 149 of participants, mean angle of error measured using TTDPM 150 and/or JPS methods and accompanying standard deviation 151 PHYST 733 1-9
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values to include in the meta-analysis and the following com-152 parisons were made.
153
For joint position sense data:
154
• ACL injured leg vs contra-lateral leg control.
155
• ACL injured leg vs external control leg.
156
• Patients with a reconstructed ACL vs patients with a defi-157 cient ACL.
158
For data on the threshold to detect passive motion:
159
160
161
The comparisons were made using a fixed effect model Heterogeneity between comparable trials was tested using 166 the Chi-squared test (level of significance = P < 0.10 [13]).
167
Heterogeneity was further tested using I 2 percentages to con- were excluded as they provided 'poor' quality data with a high 179 risk of bias and/or had missing or inadequate outcome data.
180
The main reasons for missing data were that median data 181 were presented instead of mean data [14] [15] [16] 227 using a correlation coefficient (0.99); however this was from 228 a 'previous study' which was not referenced. Only one study 229 [23] comprehensively reported the accuracy of their data col-230 lection methods, reporting the standard error of measurement 231 (SEM), coefficient of variation (CV), smallest detectable dif-232 ferences (SDD) and intraclass correlation coefficients (ICCs) 233 for each of their seven measures of knee proprioception.
234
During analysis, data from the external control subjects 235 and ACL patients in some studies were used in several com-236 parisons, for example if a control group was compared to 237 ACL-deficient and ACL-reconstructed patients or if the same 238 ACL patients were measured from two different starting pos-239 itions [19, 22] . Unfortunately the RevMan software did not 240 allow us to stipulate the actual control and patient number 241 values. However this number is clearly noted as a footnote to 242 the affected figures and should be considered when analysing 243 the comparison data.
244
Synthesis of results
245
Effects of ACL injury on JPS
246
Five studies compared the injured leg to the participant's 247 un-injured leg (n = 170) as the control [19] [20] [21] [22] [23] . The pooled 248 standard mean difference of mean angle of error was 0.52 • 249 (95% CI: 0.41 to 0.63; P < 0.001; I 2 = 63%) indicating that the 250 un-injured leg had a lower mean angle of error (better joint 251 position sense) compared to the injured leg (Fig. 1) . Four stud-252 ies compared the injured legs (n = 140) to an external control 253 PHYST 733 1-9 better TTDPM than the injured leg group (Fig. 4) . injuries. The proprioception of people whose ACL was recon-286 structed was statistically significantly better than those whose 287 ligament is left unreconstructed (ACL-deficient). These dif-288 ferences are seen whether the comparator group was the 289 patient's uninjured leg, or a control group of people with 290 no injuries; suggesting that either can be used as a control 291 group in future research. The differences in proprioception 292 were seen most clearly when joint position sense was mea-293 sured but was less consistent when threshold to detect passive 294 motion measurement techniques were used. This indicates 295 that proprioception acuity (measured by joint position sense) 296 may be a greater problem for patients with ACL injuries than 297 TTDMP and should be the priority during proprioceptive 298 rehabilitation.
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299
It is thought that mechanoreceptors in the ACL provide 300 afferent information on the relative position and movement 301 of the knee joint [3, 7, 24, 25] and that ACL injury impairs 302 proprioception by disturbing transmission of this sensory 303 information [5] . Our results give some support to this belief. 304 However, although statistically significant, the differences 305 found were very small (<1 • ) which is unlikely to be clini-306 cally or functionally important. A proprioceptive deficit of at 307 least 5 • is thought be the minimum to indicate a clinically 308 important difference [26] although there is little evidence to 309 support, or refute, this value. 310 The discrepancy in statistical and functional significance 311 of the proprioceptive differences may be because the mea-312 surement techniques were insufficiently accurate to detect 313 PHYST 733 1-9
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A limitation of this meta-analysis is that only English lan-359 guage papers were included. Another limitation is that all 360 data collection was retrospective, which inevitably means 361 that pre-injury proprioception is unknown. It is possible that 362 the patients who suffered injuries had poorer propriocep-363 tion which predisposed them to injury. Large scale normative 364 studies are needed to give insight into the distribution of pro-365 prioception abilities across the population and whether this 366 predisposes people to ACL injury. Such studies should con-367 sider a measurement technique that explores the full range 368 of knee motion and direction using large sample sizes that 369 represents the complete ACL patient population and nor-370 mative data on proprioception ability. A further potential 371 limitation is the high proportion of data provided by a sin-372 gle paper [23] which reported several data sets provided by 373 different methods. Therefore we viewed these as separate 374 studies written as one academic paper. Further research is 375 needed to replicate their findings and to add this to meta-376 analysis.
377
Figs. 1-3. Forest plots of the comparisons between ACL injury and non-injured knees in studies that measured joint position sense. For brevity only the comparisons which showed significant differences are shown. The letters in brackets following the first authors name refer to subgroups and/or knee motion during proprioception measurement. Angoules (a-x) measured joint position sense data from two reconstruction techniques (hamstring and patella tendon procedures) at three different target angles (15 • , 45 • and 75 • ) across four time points (pre-operatively, and 3 months, 6 months and 12 months after surgery). 
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